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RAYMOND C. BENNER, OF BAYSIDE, NEW YORK, ASSIGNOR TO UNION CARBIDE & 


CARBON RESEARCH LABORATORIES, INCORPORATED 


a or co Application filed June 28, 
This invention relates to, battery charg- 
ing systems, and more particularly to an im= 


proved system for recharging storage and 


other rechargeable batteries employed as 
B-hatteries of radio receiving sets, though 
certain features of this invention are of more 
general application. 

Because of the heavier drains and higher 


voltages required of the B-battery in some 


20 


ivpes of radio receiving sets, it bas become 
desirable to employ a rechargeable battery, 
sivh as a storage battery, rather than the 
usual dry battery, for the source of B-bat- 
tery current. Such rechargerble batteries 
are not especially popwar with the average 
radio set owner, partly because of the incon- 
venience involved in recharging them. 

The present invention sims to provide a 
charging system by means of which a storage 
or other ba:tery may be readily charged from 
the uszal house-lighting cireuit and whereby, 
when the battery is up to fully charged con- 
dition, the battery charging current is auto- 
natically substantially cut off or reduced to 
a small fraction of what the charging cur- 
rent is when the battery is in a partially 
charged condition, so that but little skill or 
attention are require:| in recharging the bat- 


_tery and the later may be easily kept in fully 


od 
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charged condition. A further object of this 
invention is to provide a charging system 
that is particularly applicable to a storage 
B-haitery in creuit with an andion detector 
or 2 stage of amplification of a radio re- 
ceiving circuit. 

The above and other objects and the novel 
fontures of the invention will he apparent 
from the following deseription taken in con- 
nection with the accompanying drawings in 
which 

Fig. 1 diagrenmatically illustrates a por- 
tien of a receiving circuit and an associated. 
charging system embodying this inventton: 
and : 

Fig, 2 is a disgram iHeustrating a medifi- 
ention of this invention. . ae 

Broad!y speaking, the improved charging 
eystem commrives a battery that is condue- 
tiyel: neawncetal taca canvea af altprnatine 
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“BATTERY CHARGING SYSTEM 


1924, Serial No. 723,050. 


transformer or other means constructed and 
arranged so that the charging current will 
be substantial'y eut off at a predetermined 
counter E. M. F. of the battery, desirably 
that of the hattery when substantially fully 
charged, When applied to the circuit of an 
audion detector or stage of amplification 
using a B-battery and an A-battery, the 
charging circuit desirabiy includes switch 
means which in one position completes the 
B-battery and A-battery circuits, and in an- 
other position opens the A-battery circuit 
and connects the B-battery across the charg- 
ing means, ; 

For the purpose of illustrating this inven- 
tion, the improved charging, system is de- 
signed for connection to the usual 110 volt 
alternating current house-lighting circuit, 
but its application is: of. course not limited 
to such source of current. A storage B-bat- 
tery or other rechargeable battery may be 
employed, the size and voltage of which may 
vary and, as diagrammatically shown in Fig. 
1 for example, may consist of 24 storage cells 
in series desiened to provide a terminal volt- 
age of about 47 volts when discharged and 
about 53 volts when fully charged. Suitable 
potential reducing means. such as a step- 
down transformer T having primary and 
secondary windings T’, T’’, must be con- 
nected in circuit between the 110 volt alter- 
nating current supply terminals L, L’ and 
the terminals of the storage B-battery to ap- 
propriately reduce the supply voltage to a 
‘alue near the battery voltage. The prima- 
rv and secondary of the transformer T are 
therefore wound so as to obtain approxi- 


85 


mately a 2 to 1 reduction in voltage and the 


secondary winding T’” is connected in series 
cireuit through a rectifier R with the battery. 
Tn the present example. the transformer 


windings are so proportioned that if the B- 


hattery were practically discharged and had 
a.terminal veltage of about 47. the secondary 
voltage of the transformer would be about 
53 volts: and if the B-battery were fully 
charerd its terminal voltage would be about 
53 volts. Thus. the B-batiery would have a 
connter FE. ML FL se eientiy near the voltage 
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substantially ent oF the flow of charging cur- 
rent i.e 


The B-battery counter E. M. F. will of 


" course. drop; tftera current drain, whereupon 


20 


charging will automatic: ly resume and con- 
tinue until the cond: tion of balance again 


- obtains, 


“Is 
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Tas, when the switch Mades IK 


Inasmuch as an alternating current sup- 


ply is used. suitable recti ifying means is re- 


quired in series with the transformer sec- 
ondary winding and the B-hattery. As 
shown, an electrolytic rectifier R may he em- 
ployed to reet?fy the secondary enrrent and 
supply direct current for charging the bat- 
tery. Various ivpes of electrolytic rectifiers 
may be emploved, such as those disclosed in 
an application Serial No, 723.049 filed in my 
name and an application Serial No, 723.030 
filed by Glen ). Bagley and Fred T. Bow- 
ditch. 

AS jNustrated, the B-battery is designed 
to he ineluded in the vlate cirenit of one or 
more yacuum or eudion tubes such as MM 
which moy be a Avtartar or an amplifving 
tube, and which hus an A- hattery. shout 6- 
volt storage or other type. connecte] through 
a snitable rheostat IT to heat its fil ament F. 
Tnasmuch as the voltage of the char wring cip- 
cuit and B-hatterv is often 100-110 and 
higher, and invariably greatly exceeds the 
6-volts of the A-battery filament civcuit. to 
safernard the filament F, it is destrable to-so 
arrange the contro! of the A-battery and B- 
battery circuits that the A-batterv-filament 
circnit shall always be open when the charg- 
ing cirenit is completed throveh the B-het 
tery. A convenient means for insuring this 
comprises a double-role double-throw knife 
switeh S. The middle switch te-mnels 10 
and 11 connected to the knife blades are re- 
spectively connected by a conductor 12 to the 
negative terminal of the A-batterv and the 
negative terminal of the B-hatterv. and by a 
conductor 18 to the positive terminal of the 
B-hattery. The pair of switch terminals 14 
and 15 are resrectively connected by condre- 
tors 16 and 17 to the filament F and to the 
car phones E: and the switch terminals 18 
and 19 are respectively connected throueh 
conductors 20 ond 21 9 series with the trance. 
former secondary T’ end the rectifier R. 
Accordingly, when the switeh blades W are 
in position to condyctiv ely connect the termi- 
nals 10—14. and 11-15. the A-latterv and 
T-. ptter Vvoare connect ted in eire: mit wwith the 
Soret Baad plete P af the tule Ms where- 
close the cir- 
mat between the contacts 10—18 an a 11—19, 
a \-hattery- -flament civenit. is opened and 

the B- battery is connecte I to the chara'ng 
cirenit. The chara'ng of the B- battery will 


A uncer nermal working conditions. 
» the counter E. ML F. of the battery when sub- 

“stantially charced is sa ficiert to practically 
ig, balance the impre-ved E.M. F. of the charg- 
we ing current and automatic ally s Sant off the lat- 
”. ter. 


then proceed until the counter E. M. F. of the 
B-battery is substantially equal to or slichtly 
exceeds the voltage impressed by the charg- 
ing circuit at the battery, terminals, where- 
upon charging of the B- battery is ante- 
matically su bstantially cut off, without the 
necess'ty_ of- opening ‘the switch S to eles 
oie “disconnect the chargins cirenit free 
the B- hattery. 3y this arrangement the 13- 
battery may he conveniently charged with. 
out. removing it from the radio receiving set 
and without special. ski! or close attention: 
but the B- battery may not! he charged while 
the A-hatterv-filament circu't is closed, thrs 
ene. the tnbe or tubes M. Moreove> 
W switching off the A-batterv after ently 
seriod of using the radio set and then switch- 
ing the B- battery into the charting circuit, 
such B-batter v may be readily kept practi- 
cally fully charged ‘and in good working con- 


a ition for the next period of service. Nor is 


it necessary to electrically disconnect, the 


alternating current supply ‘from the rectifier, 


which is advantageous in that it maintains 
a current impressed on the rectifier eclls and 
keens them in better condition, 

The B-battery to be charged may be a stor- 
age battery of the ordinary plate type or of 
the type disclosed in an application Serial 
No, 696.029, filed in my name. This battery 
need not he more than a 1 ampere hour bat- 
tery fora radio receiving set requiring a max- 
imum of 80 milli- -amperes current, and may 
be fully charged in 60 hours at a 20 milli- 
ampere rate. A smaller size B-battery than 
now generally used will thus he sufficient for 
the usnal radio set and, when once charzed, 
a comparatively short period of recharging 
will subéfantially replace the average drain. 

Other types of rechargeable batteries may 
alco be employ edin place ofa storace hatte ere. 
For example. dry cells. such as these having 
zinc and carbon electrodes and containing 
ammonium chloride. zine chloride and man- 
ganese dioxide, and caustic soda cells such 
as those having zine and conper oxide elec- 
trodes in a caustic soda electrolyte, have, 
in a small dearee. the properties of a storace 
eell. but not to snch an extent that it is com- 
mercially practicable te recharge these cell< 
under £°.e ordinary conditions. IYowever, if 
only 2 ~imall amount of the total capacity of 
a hattery of such cells j is used ata time. as in 
the average radio reeveiving set. a charging 
device may be connected in circuit therewith 
according to, this invention to replace such 
small current drain. and a current efficien-: 
may be obtained thereby which renders sue: 
rechareing practicable. 

The B-batterv or other battery ta he 
charged may be of a higher voltae than al- 
ready indicated. in which event. the rolt- 
raze of the rectified current applied ta the 
battery ter minals by the charging means 
should he of such value that there will he 
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_Voitage of about 2.2 or 2.3 volts each when 
10 


protect the Jatter 
iow while the film 


Pat) 


su 


38 volts and that on a tantalum electrode is 


about 85 volts. When a tantalun-lead-sul- 
furic-acid rectifier is used and the charging 
voltage exceeds the breakdown voltage of the 
film on the tantalum electrode, two or more 


4° of such rectifiers are desirably connected in 


series In the charging circuit, thus avoiding 
the limitation of the single film. 


Furthermore, under conditions which 
make it desirably to rectify both halves of the 
alternating current wave, pairs of electrolytic 
rectifiers may be connected in series-parallel 
circuif with the alternating current supply 
and the battery to be charged, the voltaze of 
__ the latter being such that its counter E. ML. F. 
80 hen fully charged will automatically sub- 

stantially cut off the charging current, or at 

any rate, reduce such charging current to a 

small fraction of the value of the charging 

current when the battery is in a partially 
55 choreed condition. 

As diagrammatically illustrated in ‘Fig. 2, 
four aluminum-carbon or other trpe electro- 
lytie rectifiers are conneeted in cirenit be- 
teen the alternating eerrent s.piy dine and 

69 the hattery ta he charged. The rectifiers Ra, 
BRE awd Re TR ere brivged so pairs and in 
eppesed relation across the alternating cur- 
rent: supply line, and the leads a, y from 
points Letween the pairs of rectifiers may be 

85 connected directly to a battery to be charged 


ordinarily. © 2 + 


or through the switch S to the B-battery in 
the tube circuit shown. Where a battery of 
about 100 volt- is to be charged from the 
usual 116 volt A. C. line, the (ransformer Tr 
may be omitted and the alternating current +; 
jine may Le directly connected through a 
switch er and a series resistance D to the ree- 
tier cirwuit shown. Where the battery volt- 
age Se corsiderabiy higher or lower than the 
voltage of the alternating current supply 
line, a step-up or step-down transformer of . 
approprinie ratio will be employed as indi- 
rated, wound as already explained, so that 
the counter E. M. F. of the battery, when 
futiy charged by the such charging arrange- jy 
meit, will autoiatically substantially cut off 
tue charsing currentj—at any rate such 
charging current will be reduced to a small 


“ww 


fraction of what the charging current would 


be when the battery is ina partially charged <; 
condition, thereby eliminating the necessity 
of disconnecting the battery from the charg- 
ing circuit. and avoiding the nced of discon- 
necting the rectifier means from the supply 
line. Since overcharging the storage B-bat- ¢, 
tery is practically avoided by this charging 
metho. desided advantages and economy 
are efiecte:] in the operation of the B-battery; 
c. g., peroxidation of the positive storage bat- 
iery erids is prevented and it is not necessary 5 
to edd water to the electroyte as often as 
u.ual, Since the battery is not allowed to 
completely discharge or stand idle without 
current applied, sulfating is prevented. The 
battery, charged according to the present 
method, thus requires less attention and gives 
a longer life: and, better performance than 


. 


In the ciretit’ arrangement illustrated in 
Vig. 2. the switch Sw may be kept closed and 4,4; 
the alternating current supply linemay be left 
conneetot te the rectifiers while the B-hattery> ~ 
is disconnected from the rectifiers and in serv- 
icc. It is then only necessary to close the 
switch 5 onto the contacts 18, 19 te begin re- y4, 
charging the batterv. By leaving the alter- 
nating current supply connected to the recti- 
fiers, the rectifying films of the latter are 
Lintainedin better condition while the rec- 
tHier means is idle. Frequently, after a pe- 


-Yiod cf idlene.s, when two or more chemical 


rev ifers of the wand) type are connected in 
series in a charging circuit, one rectifier tends 
to form more rapidly than the other and then 
carries the greater part of the load, which 35 
causes sparking at the film and rapidly de- 


Stroys the operating rectifier. The four-cell 
reetifier disclosed has the important advan- 


age that it may be used to successfully charge 


s higher velinge battery, such asa 48 cell B- - 
hettery -Hpectly frem a 110 volt alternating ~ 
current Ene. without breaking down the ree- 
tifying films: the connections as shown in Fig, 
2heirg sich that the films of all rectifiers will 
avitomationliy stax formaod when the latter are: 
left connected to the alternating current sup- 
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Ly, and any of the films will at once re-form 
if it has deterjorated duriny a long period of 
idleness. ; 

In some cases during cervice or non-charg- 
ing periods, it may be desirable to shut off 
the akernating current and disconnect the 
battery from the rectifier: or the alterating 
current may be shut off when the battery is 
being discharged and left connected to the 
rectifier. Other changes may be made in the 
arrangements disclosed, without departing 
from the scope of the invention as defined 
the aynende claims. 

Iciaim: 


prising a filament and a plate, means for elec- 
trically heating said filament, a rechargeable 
B-battery in cirenit with said plate, charging 
means for said B-battery, and means oper- 
able to close the B-hattery charging circuit 
only: after first interrupting such filament 
heating means. 

2. The combination of a detector or ampli- 


“fier tube coniprising a filament and a plate, an 


A-battery in cirenit with said filament, a re- 
chargeable B-battery in circuit with said 
plate. charging means for said B-hattery, and 
switch moans operable to close the B-hattery 
charging circuit only after first interrupting 
such A-battery-filament cirenit. ; 
3. The combination of a vacuum tube cam- 
prising a filament and a plate, an A-battery 
in circuit with said filament, a rechargeable 
B-battery in circuit with said plate, charging 
means for said B-battery, and switch means 
operable to first open the A-battery-filament 


and B-battery-plate cireuits and then close | 


the B-battery-charging circuit, and vice 
versa. 

4. The combination of a vacuum tube com- 
prising a filament and a plate; an A-battery 
of relatively low voltage in circuit with said 
filament: a rechargeahle B-battery of sub- 
stantially higher voltage than said A-battery 
in cirenit with said plate; charging means for 
said B-battery comprising a source of alter- 
nating current of materially higher voltage 
than said A-Dattery and rectifying means in 
cirenit with said source of current and said 
B-battery and arranged to supply charging 
ewrent to the latter, said charging current 
having substantially the same voltage as said 
B-Dbattery when the latter is substantially 
fully charged: and means operable to close 
the B-battery charging circuit only after first 


interrupting such A-battery-filament circuit. 


co 


G3 


5. The combination of a vacuum tube com- 
prising a filament and a plate: means for elec- 
trically heating said filament: a rechargeable 
B-battery in cirenit with said plate: charg- 
ing means for said B-battery comprising a 


source of alternating current of materially _ 
higher veltage than such electrical heating 


means and a rectifier adapted to rectify such 
alternating current, such charging current 


by 
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having substantially the same voltage as said 
B-battery when the latter is substantially 
fully charged whereby the counter E. M. F. 
of such charged B-battery substantially shuts 
off the charging current automatically when 


said B-battery is fully charged without elec- * 


trical disconnection of said alternating cur- 
rent from said rectifier; and means operable 
to close the B-battery charging circuit only 


after first opening the circuit including such | 


filament and heating means, 2 
_ In testimony whereof. T affix my signature. 


RAYMOND C. BENNER. 
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